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Abstract 
Shear fracture properties of rock are of importance for structure design and safety assessment in rock engineering. 
Shear-box test is adopted to determine the Mode II fracture toughness KIIC of sandstone with cylindrical specimens. 
The experiment and calculation results show that both the tensile and shear stresses exist at the crack tip and the ratio 
of maximum shear stress to maximum tensile stress, τmax/σmax, is about 2~9. The Mode II fracture toughness is about 
2~4 times to the Mode I fracture toughness, i.e. KIIC/KIC=2~4. Compared with cube specimen, cylindrical specimen 
has the advantage of convenience sampling, which can guarantee the accuracy of the specimen in situ 
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1. Introduction 
In-plane shear (ModeⅡ) fracture of rock has attracted more and more interest of researchers in mining, 
geological and rock engineering. A lot of test methods have been proposed to study Mode Ⅱ fracture of 
rock, such as four-point bending test [1,2], punch-through shear test [3,4] in which all specimens are 
subjected to pure in-plane shear (Mode Ⅱ) loading without any tensile or compressive loading. In this 
case, the new initiated crack propagated at an angle deviating from its original crack plane. The fracture 
was not true shear (Mode Ⅱ) fracture. In order to realize the true Mode Ⅱ fracture of rock, a compressive 
loading must be applied to the original crack plane in order to restrain the tensile stress at the crack tip [5, 
6]. The Mode II fracture toughness, KIIC, of rock was obtained by shear-box test and KIIC was about 2-4 
times to the Mode I fracture toughness, KIC. However, a cube specimen of rock was hard to process and 
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not conducive to in-situ sampling. 
In this study, a cylindrical compression-shear clamp was processed to achieve shear box test. Fracture 
properties would be studied and Mode II fracture toughness of rock would be tested. The test results 
would be compared with the results of cube specimens’ shear-box test. 
2. Experiment 
Mechanical properties of sandstone produced in Kunming of China are listed in Table 1, including 
tensile strength σt, cohesion C, internal friction angle , elastic modulus E and Mode I fracture toughness 
KIC, which are obtained by ISRM (the International Society for Rock Mechanics) standard testing 
methods. The diameter D and height W of the cylindrical specimen were 50mm. And the single notch 
width t was 1mm, as shown in Fig.1. Since too large or too low inclination angle  can result in small 
compressive stresses or local crush. The suggested inclination angle  is 70°. The notch length a were 
changed from 25mm to 35mm. The average value of the peak load PM would be obtained by 2-3 
specimens repeated in the same conditions. Fig.1 (b) shows the loading set-up of shear-box tests. 
Specimen was tested by an Instron1346 testing machine. The loading rate was 0.05m/s under 
displacement control.  
Table 1. An example of a table 
Mechanical properties parameters  Value 
Tensile strength/MPa 2.24 
Cohesion/MPa 14.03 
Internal friction angle/° 35.12 
Elastic modulus/GPa 10.67 
Mode I fracture toughness/MPa·m-1/2 0.549 
 (a)            (b) 
Fig. 1. (a) Compression-shear specimen and clamp; (b) Loading set-up 
3. Results and discussion 
It can be seen from Fig.2 that the specimens with different notch length obey the same rules. That is, 
the crack appeared from the crack tip when the load value reach 70%~80% of the peak load and 
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propagated alone the original crack plane and the initiation angle θ was about 0 º. Until the load reaches 
the peak value, the crack propagates rapidly and the Mode II fracture obtain. The fracture surface is 
approximately flat which is agreeable with the results of the cube specimens (Fig.2 (d)). 
 
Fig. 2. Fracture trajectory: (a) a=25mm; (b) a=30mm; (c) a=35mm; (d) cube specimen; 
There is no formula for calculating stress intensity factor in crack tip KII for cylindrical specimens in 
compression-shear box test. However, KII can be calculated by displacement method. When distance 
between the node and the crack tip is far less than the crack length, i.e. r <<a, KII can be obtained by 
linear regression. Under normal circumstances, KII has the following form: 
KII =FQem(a)1/2/D/W                                                                 (1) 
Qem =P(sin-tancos)                                                               (2) 
Where F is shape factor and it can be obtained by finite element method. 
The Numerical results also show that the maximum tensile stress max and the maximum shear stress 
max exist at the notch tip and the ratio max/max is about 2-9. The tensile stress can be inhibited effectively 
under compression-shear loading for the cylindrical specimen. For brittle rock, max can easily reach its 
limited value before max and results in the shear (Mode Ⅱ) fracture. Test results of Mode II fracture 
toughness KIIC can be seen from Fig.3. The ratio KIIC/KIC is about 2-4 which agree well with the results of 
the cube one. 
 
Fig. 3. (a) KIIC; (b) KIIC/KIC. 
4. Conclusion  
Cylindrical specimen shear-box test have a facilitation in situ sampling, processing, etc., and the 
precision of process can be controlled easily. In addition, the expansion of the cylindrical specimen can 
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be limited and the stress distribution in crack plane is more uniform which leads to a slipping along the 
crack plane. True Mode II fracture can occur in little load. Therefore, Mode II fracture toughness and 
fracture performance test of rock using cylindrical specimens has good applicability. 
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